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Background: Individuals who live in rural areas are at greater risk for brain cancer, and pesticide exposure may
contribute to this increased risk. The aims of this research were to analyze the mortality trends and to estimate the
age-period-cohort effects on mortality rates from brain cancer in two regions in Rio de Janeiro, Brazil.
Methods: This descriptive study examined brain cancer mortality patterns in individuals of both sexes, >19 years of
age, who died between 1996 and 2010. They were residents of a rural (Serrana) or a non-rural (Metropolitan) area
of Rio de Janeiro, Brazil. We estimated mortality trends using Joinpoint Regression analysis. Age-period-cohort
models were estimated using Poisson regression analysis.
Results: The estimated annual percentage change in mortality caused by brain cancer was 3.8% in the Serrana
Region (95% confidence interval (CI): 0.8–5.6) and −0.2% (95% CI: −1.2–0.7) in the Metropolitan Region. The results
indicated that the relative risk was higher in the rural region for the more recent birth cohorts (1954 and later).
Compared with the reference birth cohort (1945–49, Serrana Region), the relative risk was four times higher for
individuals born between 1985 and 1989.
Conclusions: The results of this study indicate that there is an increasing trend in brain cancer mortality rates in
the rural Serrana Region in Brazil. A cohort effect occurred in the birth cohorts born in this rural area after 1954. At
the ecological level, different environmental factors, especially the use of pesticides, may explain regional disparities
in the mortality patterns from brain cancers.
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Malignant brain neoplasms are intracranial tumors that
occur more frequently in adult males. Approximately
70% of these highly lethal tumors originate in glial cells
(gliomas). Only 3% of patients with this histological type
of cancer survive for more than 5 years after diagnosis
[1-3]. The etiology of brain cancer is not well under-
stood. Genetic and environmental factors contribute to
the development of brain cancer [4-6]. Individuals with
agricultural occupations and non-farmers living in rural* Correspondence: filhoalm@gmail.com
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distribution, and reproduction in any mediumcommunities have higher mortality rates for some spe-
cific cancers, including brain cancer. The main hypoth-
esis presented in the literature that accounts for this
excessive mortality is exposure to pesticides [7-11].
The Serrana Region is the main agricultural area in the
state of Rio de Janeiro, Brazil, especially for the production
of fruits, vegetables, and flowers. This region has the lar-
gest per capita consumption of pesticides and fertilizers
and the largest numbers of inhabitants engaged in agricul-
tural activities. In contrast, the Metropolitan Region has
the lowest per capita consumption of pesticides and fertil-
izers and the lowest numbers of inhabitants engaged in
agricultural activities. These differences in pesticide andentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited.
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ecological investigation [12,13].
Because there is no local population-based cancer regis-
try in the state of Rio de Janeiro, this brain tumor mortal-
ity study represented an initial approach to examining the
magnitude of this health problem. An evaluation of the ef-
fects of age, time period, and birth cohort on brain cancer
mortality may assist in the ecological-level identification
of etiologic factors related to the development of these
neoplasms [14]. This approach assumed, a priori, that the
effects of age could represent biological changes that
occur during aging. The period when death occurs may
also reflect important changes in factors that affect mor-
tality (e.g., introduction of new treatments). The cohort ef-
fect may indicate changes in exposures that are particular
to specific generations [15,16].
The country of Brazil is one of the major consumers of
pesticides worldwide, but few studies that evaluate the im-
pact of these substances on population health have been
published [17]. The exposure scenario for our study con-
sisted of an agricultural region where workers were given
personal protective equipment, but there was little know-
ledge about the need to use this equipment while at work
[18]. In this sense, studies of the health effects of pesticide
exposure in agricultural production areas in Brazil might
be qualitatively and quantitatively different from studies
performed in developed countries. Therefore, this study
contributes to the understanding of the brain cancer pat-
terns in areas of intensive pesticide use and explored the
environmental hypotheses in the Brazilian context.
The aim of this study was to analyze mortality trends
and to assess the age, birth period, and cohort effects on
brain cancer mortality rates in the Serrana Region of the
state of Rio de Janeiro, and to compare them with rates
in the Metropolitan Region of the same state.
Methods
Study design and population
This was an ecological study on the distribution of
deaths from brain cancer classified as C71 (malignant
neoplasm of brain) in ICD-10 [19]. The study population
consisted of individuals between 20 and 79 years old liv-
ing in the Serrana Region and in the Metropolitan Re-
gion of the state of Rio de Janeiro between 1996 and
2010. Mortality data were obtained from the database of
the Brazilian national Mortality Information System,
Ministry of Health [20]. Data on the number of inhabi-
tants during the same period were obtained electronic-
ally from the Brazilian Institute of Geography and
Statistics (Rio de Janeiro) [21].
Study area
The Serrana Region of the state of Rio de Janeiro consists
of seven municipalities. In 2010, the population size of thisregion was approximately 710,000 inhabitants. Approxi-
mately 90% of the population is distributed among the
municipalities of Nova Friburgo and Teresópolis, and the
city of Petrópolis [21]. The Serrana Region is the main
agricultural area in the state. The 2006 agricultural census
reported that 5.34% of the regions’ workers were engaged
in agricultural activities [22].
The Metropolitan Region of the state of Rio de Janeiro
consists of 19 municipalities, including the capital (Rio
de Janeiro). In 2010, 54% of the 11,600,000 individuals
that lived in this region resided in the capital city [21].
The 2006 agricultural census reported that 0.01% of
workers in the Metropolitan Region were engaged in
agricultural activities [22].
Study variables
Brain cancer mortality rates for each age group were cal-
culated per 100,000 inhabitants and were adjusted by
world standard population [23]. We included the variables
age (in 5-year intervals), number of deaths (grouped into
5-year periods), the population at risk in the middle of
each 5-year interval (person-time), and the study period
grouped in 5-year categories in the analysis of age, period,
and cohort effects.
Statistical analysis
We performed a descriptive analysis of mortality rates
(means and standard deviations), and of global and spe-
cific adjusted rate ratios, by age group.
Trend analysis was performed using log-linear Poisson
regression. The objective of this analysis was to identify sig-
nificant changes in rate patterns during the study period.
An estimated annual percentage change (EAPC) was cal-
culated for each change. Results with a p-value <0.05 were
considered to be statistically significant. The choice of the
model was determined using a permutation method [24].
These analyses were performed using Joinpoint version
3.4 software (Statistical Research and Applications Branch,
National Cancer Institute, USA).
During the analysis of the age, period, and cohort ef-
fects, and the estimation of values for relative risk (RR),
models were adjusted using log-linear Poisson regression
modeling. The model assumed that the number of
deaths observed during the study period followed a Pois-
son distribution with constant mortality rates and events
that were independent from each other. The logarithm
(log) of the mortality rates was an additive function of
the parameters as described by
log rij
  ¼ Dij=Pij
  ¼ μþ Að Þαiþ Pð Þβjþ P−Að Þγk
where (rij) = mortality rate expected; Dij = number of
deaths in the i-th age group in the j-th period; Pij =
population in the i-th age group and j-th period; A =
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of the i-th age group; βj = effect of the j-th period; γk =
effect of the k-th cohort [25,26]. The model that best fit
the data was selected using the deviance function and
was assessed by comparing the effects of each parameter
in relation to the full model (age, period, and cohort).
Models with a p-value <0.05 were considered to be sta-
tistically significant.
We chose the parameterization method proposed by
Holford [27] to overcome the uncertainty associated with
nonidentifiability. The reference group for the age effect
was the 20–24 year age group, and the reference for the
period effect was the 1996–2000 period. The reference for
the generation of births was the median value, because
central cohorts are more stable [27,28]. The periods
1945–1949 and 1940–1944 were used for the Serrana
and Metropolitan regions, respectively. The statistical
software R version 2.15.1, Epi version 1.1.9 (R Foundation
for Statistical Computing, Vienna, Austria; http://www.
r-project.org) was used for this analysis.
Results
Between 1996 and 2010, there were 412 deaths caused
by brain cancer in individuals >19 years of age in the
Serrana Region (mean rate = 4.20 deaths per 100,000 in-
habitants; standard deviation = 0.85). There were 5,322
brain cancer deaths (mean rate = 3.39 deaths per
100,000 inhabitants; standard deviation = 0.23) during
the same time period in the Metropolitan Region. The
mean ages at death were 64 and 65 years in the Serrana
and Metropolitan regions, respectively. Compared with
the Metropolitan Region, the ratio of adjusted mortality
rates in the Serrana Region was higher in all age groups,
with a mean increase that was 40% higher.
Figure 1 presents the results for the variation in ad-
justed mortality rates in the two regions between 1996
and 2010. There were two distinct periods of rate behav-
ior. In the Serrana Region, the EAPC was −9.6% (95%
CI: −30.4–17.5) between 1996 and 1999 and was 4.2%
(95% CI: 0.4–8.1) between 1999 and 2010. In contrast,
in the Metropolitan Region the EAPC was 18.4% (95%
CI: −8.8–53.6) between 1996 and 1998 and was −0.5%
(95% CI: −1.8–0.9) between 1998 and 2010.
The risk of death from brain cancer increased with age
in both regions (Table 1). The greatest increases were
in the Serrana Region. The RR for the oldest age group
(75–79 years) was 33.63 (95% CI: 15.24–74.22) in the
Serrana Region and was 23.78 (95% CI: 22.55–25.07) in
the Metropolitan Region (reference age group, 20–24 years).
The median birth cohort was the 1945–1949 period
for the Serrana Region. The RR was positive, and statisti-
cally significant, from 1955–1959, and was 4.17 (95% CI:
1.79–9.74) for the youngest individuals, born between
1985 and 1989. In the Metropolitan Region, the medianoccurred between 1940–1944 and the RR ranged from
0.89 (95% CI: 0.83–0.89) to 1.03 (95% CI: 1.04–1.07).
Figure 2 illustrates the age, period, and cohort effects,
and reveals differences between birth cohort effects in
the Serrana and Metropolitan regions. Figure 3 presents
the results for an age-period-cohort comparison of age-
specific mortality rates. Table 2 summarizes the good-
ness of fit results for the models. The complete model
reflects the best fit of the individual effects of age,
period, and cohort compared with two factors only.
Discussion
The results indicated that there were differences in trend
patterns between the two regions. The Serrana Region
had higher mortality rates and an increasing trend in
mortality over the period analyzed (1996–2010). In con-
trast, an opposite trend occurred in the Metropolitan
area. Mortality rates were lower and declined during the
study period, although the decrease was not statistically
significant.
Monteiro and Koifman [29] reported an increase in
brain cancer mortality rates in Rio de Janeiro between
1980 and 1998 in individuals >65 years of age. Legler
et al. [30] analyzed brain cancer mortality rates in the
United States between 1975 and 1999, and reported a
stable distribution of mortality rates, except in the age
group between 64 and 74 years of age. This group had
an increase of 5.5% in the EAPC between 1979 and 1995
[30]. In the Umbria Region of Italy, Stracci et al. [31] re-
ported an increasing trend in brain cancer mortality
rates of 2.33% (95% CI: 1.42–3.23) in males and 1.78%
(95% CI: 0.62–2.95) in females.
The increases in brain cancer incidence and mortality
rates that have occurred in recent decades may be attrib-
uted to improved diagnostic capability that has resulted
from the use of computed tomography (CT) and mag-
netic resonance imaging (MRI). Population aging has
likely also contributed to this change, because age repre-
sents an important risk factor for intracranial tumors
[32-34]. However, new technologies and aging do not
fully explain the increases in incidence and mortality,
and there may also be a significant contribution from
environmental risk factors [35].
Differences in the magnitude of brain cancer mortality
rates observed in this study cannot be explained by greater
access to MRI and CT scans. The magnitude of the ad-
justed mortality rates in the Serrana Region is somewhat
higher than the rates in Rio de Janeiro, which has greater
access to these diagnostic tools. One hypothesis for the
dissimilarity is differences in patterns of exposure to dis-
tinct environmental carcinogens between the two regions.
The result of this study indicated that there was a sta-
tistically significant age effect on the distribution of
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Figure 1 Trends in mortality from brain cancer adjusted by world standard population in the Serrana region and Metropolitan area of
Rio de Janeiro between 1996 and 2010. Axis Y shows the mortality rates per one hundred thousand inhabitants and axis X shows the
calendar year.
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of tumors. The number of cell divisions increases during
human aging. During cell division errors in DNA repli-
cation occur that are critical for the formation of muta-
tions. When these mutations occur in DNA repair
mechanisms, they can result in the development of tu-
mors [36]. Flaws in DNA replication can also be induced
by specific environmental agents [37].
The most recent birth cohorts in the Serrana Region
had higher RRs. This effect may reflect changes in expo-
sures to environmental agents that occurred after 1950,
and that have been present since then. Environmental
factors likely contribute to the risk of developing brain
cancer. Many substances are inducers or promoters of
carcinogenesis, including several pesticides [38-41].
The hypothesis for this difference in RR among the birth
cohorts of the two regions accounts for differences in pat-
terns of environmental exposures. The greater RRs in the
1980s cohorts may reflect exposures that occurred in
childhood, because those individuals were ≤30 years old
when they died. Exposure to pesticides in utero and dur-
ing childhood is a potential risk factor for the develop-
ment of brain cancer [42,43]. Humans may be exposed
to pesticides from several sources, including pesticides
present in food and in agricultural and residential areas
[44]. The timing of the exposure during development is
also important, because specific developmental periods
during childhood are more sensitive to the biological ef-
fects associated with pesticide exposure [45]. Exposure
during these periods may significantly contribute to the
risk of development of cancer in adult life, but the causal
relationships are not clear.Compared with the Metropolitan Region, younger pa-
tients in rural regions may not have the same level of ac-
cess to early and accurate diagnosis and effective
treatment. Survival rates of rural patients may be lower
because of delayed diagnosis and delayed transfer to the
more developed cancer hospitals in the cities. Addition-
ally, the results in Table 1 indicated that age is the stron-
gest risk factor. Individuals <35 years in the Serrana
Region and <25 years in the Metropolitan Region had
the lowest mortality rates. In the Serrana Region, indi-
viduals from the most recent birth cohort had four times
greater mortality rates, compared with those born in
1945–1949 (referent birth cohort).
Over the past 30 years, the Serrana Region has gone
through a process of agricultural modernization [46]. This
region is the main agricultural area in Rio de Janeiro,
produces mainly vegetables, fruits and flowers, and em-
ploys the greatest numbers of workers engaged in agricul-
tural activities in the state [12,22]. According to Brazilian
Institute of Geography and Statistics data, large amounts
of pesticides are used to grow fruits, vegetables, and
flowers. The 1996 volume of pesticides sold in the Serrana
Region represented approximately 50% of the total sales
volume in the entire state [13].
Consumption of pesticides in Brazil increased from 600
million liters to 850 million liters between 2002 and 2011.
The number of commercialized chemicals increased from
468 in 1995 to 600 in 2003. Per hectare consumption of
pesticides increased from 3.2 kg to 3.6 kg between 2000
and 2009. In the Serrana Region, pesticide use has been
high since 1986, which suggests that the population has
been exposed to high levels of these chemicals over the
Table 1 Estimates of Relative Risk (RR) and confidence interval with 95% reliability of age, birth cohort and period, in
the Metropolitan and the Serrana regions of Rio de Janeiro
Variables Serrana region Metropolitan region
N RR 95% CI N RR 95% CI
Age
20 to 24 10 Reference 126 Reference
25 to 29 9 0.49 0.28 - 0.88 139 1.13 1.09 - 1.18
30 to 34 15 0.64 0.34 - 1.20 207 1.73 1.65 - 1.81
35 to 39 19 1.05 0.52 - 2.11 240 2.07 1.97 - 2.17
40 to 44 27 1.95 0.95 - 4.00 353 3.15 3.00 - 3.31
45 to 49 28 2.51 1.20 - 5.25 464 4.45 4.23 - 4.68
50 to 54 44 6.58 3.08 - 14.08 588 6.47 6.15 - 6.81
55 to 59 46 10.37 4.79 - 22.44 615 8.25 7.84 - 8.69
60 to 64 61 18.87 8.67 - 41.07 719 11.96 11.36 - 12.60
65 to 69 63 27.7 12.65 - 60.66 695 14.99 14.23 - 15.80
70 to 74 49 27.13 12.33 - 59.72 627 17.60 16.70 - 18.54
75 to 79 41 33.63 15.24 - 74.22 549 23.78 22.55 - 25.07
Birth cohort
1920-24 8 0.58 0.44 - 0.78 124 0.88 0.86 - 0.90
1925-29 31 0.80 0.67 - 0.94 374 1.03 1.02 - 1.05
1930-34 55 0.70 0.61 - 0.80 646 0.94 0.94 - 0.95
1935-39 48 0.59 0.52 - 0.52 685 0.99 0.98 - 1.00
1940-44 52 0.68 0.61 - 0.75 648 Reference
1945-49 58 Reference 625 1.04 1.03 - 1.05
1950-54 35 0.81 0.72 - 0.93 603 1.06 1.04 - 1.07
1955-59 34 1.19 1.01 - 1.41 497 0.97 0.95 - 0.98
1960-64 32 2.00 1.53 - 2.60 370 0.93 0.91 - 0.94
1965-69 21 1.67 1.20 - 2.32 265 0.90 0.88 - 0.92
1970-74 14 2.23 1.46 - 3.42 195 0.92 0.89 - 0.95
1975-79 12 2.72 1.54 - 4.81 152 0.86 0.83 - 0.89
1980-84 7 4.07 1.83 - 9.04 96 0.90 0.86 - 0.95
1985-89 5 4.17 1.79 - 9.74 42 0.95 0.89 - 1.02
Period
1996 to 2000 102 Reference 1554 Reference
2001 to 2005 129 0.98 0.92 - 1.03 1718 0.98 0.97 - 0.98
2006 to 2010 181 1 1 2050 1 1
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exposure and cancer diagnosis, it is reasonable to propose
that the high use of pesticides in this region could have
contributed to increases in the occurrence of diseases re-
lated to pesticides, including brain cancer [47-49].
Most of the pesticides used in horticulture, and fruit
and flower cultivation are members of the organophos-
phate and carbamate classes of pesticides. Over the last
few years, the carcinogenesis mechanisms associated
with chemical induction and promotion of tumors by
chemicals has been well-studied. Organophosphate andcarbamate pesticides have two possible mechanisms of
carcinogenesis. One mechanism is based on genotoxicity
(ability to react with DNA) and the other is based on
epigenetic mechanisms (changes that alter genetic ex-
pression without modifying the DNA sequence) [50].
In vitro evidence indicates that organophosphate pesti-
cides induce DNA mutations and methylation. The herbi-
cide paraquat promotes changes in histone acetylation in
cell culture [51-53].
Brain cancer in the Serrana Region should be more in-
vestigated further. Other studies have found that farmer
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Figure 2 Estimates of the age-period-cohort effects on brain cancer mortality in residents of the Serrana and Metropolitan regions of
the state of Rio de Janeiro, 20 to 79 years of age, from 1996 to 2010: The figures shows: Right – brain cancer mortality rates to 100
thousand inhabitants; Center - brain cancer mortality effects by birth cohort. Left – effects by death period.
Figure 3 Comparing age-period-cohort of age-specific mortality rate. Axis X shows the effect of Age-period-cohort and axis Y shows the
(log) mortality rates per one hundred thousand inhabitants.
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Resid. Df Resid. Dev Deviance p-value Resid. Df Resid. Dev Deviance p- value
Age 409 379.1 Age 5,394 5786.8
Age-drift 408 341.55 37.551 0.000 Age-drift 5,393 5778.9 7.926 0.005
Age-Cohort 407 313.66 27.896 0.000 Age-Cohort 5,392 5665.6 113.305 0.001
Age-Period-Cohort 406 308.16 5.501 0.019 Age-Period-Cohort 5,391 5569.5 96.103 0.001
Age-Period 407 330.42 −22.267 0.002 Age-Period 5,392 5696.6 −127.108 0.001
Age-drift 408 341.55 −11.129 0.001 Age-drift 5,393 5778.9 −82.301 0.001
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of death from specific cancers, especially brain cancers
[54,55]. Exposure to pesticides may have an important role
for the development of brain cancer, as indicated by the
mortality rates that were found in our study.
Our results should be interpreted cautiously because
ecological studies can be affected by inherent design limi-
tations [56]. A common limitation of studies that use
death certificate data is the accuracy of the mortality sta-
tistics. However, in a Rio de Janeiro-based study, Monteiro
et al. [57] reported an accuracy of 90.1% in the reporting
of death from brain cancer. In the Serrana Region, data on
deaths from brain cancer had a positive predictive value of
90% [58]. The ratio of the reported deaths in Chapter 18
(Sign Symptoms and Abnormal Findings in Physical
Examination and Laboratorial Works) was 4.95% during
the study period, and values <6% indicate good record
quality [59]. Another study limitation is inherent to uncer-
tainties attributed to the nonidentifiability of the models
[15,28]. The three components age, period, and cohort are
linear, and it is impossible to simultaneously estimate all
three effects in the regression models. We used a method
proposed by Holfrold to account for this problem [27].
This original study detected differences in the epi-
demiological patterns of brain cancer. Internationally ac-
cepted variables were used to study the distribution of
disease (e.g., the distribution of mortality by age group
(age effect), calendar year of death (period effect), and
birth year of the deceased (cohort effect). This approach
enabled us to generate hypotheses about the contribu-
tion of different environmental factors that may explain
regional disparities in the distribution of mortality from
brain cancer.
This study contributes to the understanding of eco-
logical risk factors for death from brain cancer. The age-
period-cohort model proved to be an efficient analytical
method and found important differences in mortality
patterns that suggest that there were differences in ex-
posure between the two regions. We also found that
there was a significant cohort effect, which suggested
that residing in an agricultural area during early life in-
creased the risk of mortality. This result supports thehypothesis that environmental exposures are determinants
in mortality from brain cancer. Other studies of this
population should be prioritized to determine the indi-
vidual factors that are associated with the development
of cancer.
Conclusions
The results of this study indicated that there was an in-
creasing trend in brain cancer mortality over time
among adults living in an agricultural area in the state of
Rio de Janeiro. The exploratory data analysis revealed
the presence of significant birth cohort effects on the
distribution of mortality in 1954 and later. The RR of
mortality from brain cancer was four times higher
among individuals born between 1980 and 1989, com-
pared with those born in 1945–1949.
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